Abstract. The type of gravel is one of the main factors which influence the bearing capacity of the reinforced gravel structure layer with geocell. Two kinds of geocell land three types of gravel were used for bearing-plate test. The vertical deformation, resilient modulus, plastic deformation and geocell-wall transverse deformation was analyzed. Analysis of variance (ANOVA) was applied on vertical deformation and modulus. The results showed that the structure with the smaller size gravel had larger vertical deformation and lower resilient modulus, and reinforcement was more significant. The vertical deformation of 10-20mm was similar to 20-30mm gravel structure layer. The geocell-wall transverse deformation in 1# center measure plot decreased with the increasing of gravel size, but the deformation in 4# side measuring plot approached to zero. It revealed that the loading transmission was limited to the adjacent cell. The results of ANOVA showed that three types gravel had significant influence on the resilient modulus of structure layers. While, 10-20 mm and 20-30 mm gravel had no significance on the deformation and modulus of the layers. It was demonstrated that 0-5mm gravel was not appropriate to the filler of the reinforced gravel structure layer with geocell.
Introduction
Gravel base course is an important form of base course in flexible pavement. With good adaptability for deformation, stability and other excellent characteristics, gravel base course has been paid highly attention to avoid cracks in the structural layer [1] . Research results show that the granular materials have a greater deformation under wheel loads causing rutting and other diseases, and affecting the use of surface structure, although the granular material has a good performance [2] . In order to improve the deformation resistance and load-carrying capacity of the granular material, the geocell is introduced to improve the performance of the gravel material on the basic of the principle of geocell reinforcement in soil [3] . Research on Geocell in geotechnical engineering had achieved fruitful results. Mandal [4] applied geocell to reinforce soft soil and analyzed the influence of geocell welding distance and height on the bearing capacity and deformation in the structure layer. Han et al. [5, 6] carried out accelerated loading test to evaluate the geocell reinforcement on graded gravel pavement. As for the reinforcement mechanism of geocell, Zhao et al. [7] obtained conclusion from the elastic mechanics and thin plate theory under the condition of axisymmetric grid differential equations to control the deformation.
The previous results provide a solid practical and theoretical basis for the application of geocells in the gravel base materials. However, the application and research on the entity model test for geocell reinforcement of gravel structure layer is very few to guide the construction. Therefore, bearing plate tests were carried out to study the effects of different fillers on vertical deformation, elastic modulus, plastic deformation and lattice wall deformation of reinforced gravel structure, improving the bearing capacity of the gravel structure layer. Moreover, ANOVA was employed to analyze the significant influence of aggregate size. The results will provide a basic reference and for the numerical simulation test and the application of geocell reinforcement structure with gravel materials.
Methodology Test Material
In this study, the used geocell was produced by Shandong Feicheng Hengfeng Plastic Industry Co., Ltd. The geocell was Polyethylene plastic sheets, formed by ultrasonic welding. There were two different size geocell, 150mm high with 400mm welding distance and 200mm high with 800mm welding distance. The filler had three type, all of them were crushed limestone stone. The elongated particle content was 9.7%.
The test equipment was made up of steel frame, test tank, lifting jack, vibration plate, strain gauge and other elements. The test tank was welded by 1cm thick steel plate placed on the concrete slab. The size of test tank was 150cm×150cm×80cm. The structural layer is 5cm gravel protective layer + 20cm reinforced structure layer + 5cm gravel protective layer + 50cm support layer from the top to bottom. The support layer was filled with three layers compacted plain soil, and the resilient modulus was 28.3MPa. The bottom layer is a rigid base plate.
Test Method
Bearing plate test is a common method to evaluate the bearing capacity of structure layer. It can imitate the bearing capacity and deformation of the geocell reinforced structure layer under the wheel load. The early test had proved that the most unfavorable loading location was located at the center of the geocell. The test procedures were as follows: filling and compacting the support layer, pasting strain foil, laying the geocell, filling gravel and compacting. Next, the dial indicators were set up carefully. Then it was time to preload, load and measure. The stepwise mode was applied to exert loading. The loading was increased by 0.1MPa per level. For each step, the loading kept one minute, read the data of the dial indicators. Then unloading, the data was recorded after another one minute. After that, the next level was conducted.
Experimental Parameters
(1)Total vertical deformation is the maximum settlement of structure layer under the different level of loading, the unit is millimeter (mm). 
Where, i L ∑ is the sum of resilient deformation which is less than 1mm at all loading levels; i p ∑ is the sum of the load at all loading levels in which the resilient deformation is within 1mm; ɑ is diameter of bearing plate (mm); µ is Poisson's ratio of the gravel.
(3)Transverse deformation of geocell wall is the transformed measurement of each measuring point obtained by the strain foil, calculated by Eq. (2). 
Where, d ∆ is transverse deformation of geocell wall (mm); k is constant ratio of the strain foil, 2; µε is micro strain; D is length of strain foil (mm).
Results and Discussion

Vertical Deformation of Macadam Structure Layer
Two different size geocell and three kinds of fillers were use in this study. The total vertical deformation of reinforced and unreinforced structure layer of under loading is shown in Fig. 1 . In the figures, 150-400 represents Height-Weiding Distance of geocell, the same as below. As seen in Fig. 1 , total vertical deformation of gravel structure layer decreased with three kinds of filler after the reinforcement. The difference of total vertical deformation between reinforced and unreinforced structure layer became greater when the fillers size was smaller. Total vertical deformation of 0-5mm gravel structure layer was much larger than the gravel structure layer with 10-20mm and 20-30mm. There was no large difference of total vertical deformation between 10-20mm and 20-30mm.
The bearing capacity of structure layer is mainly provided by the strength of the filler particles, the interlocking and friction between the particles. With the same vibration forming condition, the larger size filler has stronger interlocking effect, so the larger size fillers structure layer has higher ability to resist deformation than the smaller size filler. After the gravel structure layer is reinforced with geocells, the moving space of particles is restricted to the geocells wall. It proves that the reinforcement of geocell is more obvious as the gravels size is smaller. Meanwhile, the loading level is another reason resulting in the structure bearing capacity difference. The difference of bearing capacity is more obvious with the higher loading level. When the loading was 0.7MPa, total vertical deformations of the 10-20mm and 20-30mm gravel structure layer was about 41.6% lower than 0-5mm without taking reinforcement by geocell or not into consideration. It means that 0-5mm gravel is not suitable for the gravel fillers of geocell reinforced structure layer. In order to show whether 10-20mm and 20-30mm gravel has significant influence on total vertical deformation of the structural layer, ANOVA is applied and filler type (10-20mm and 20-30mm gravel) is chosen as the factor. P-value is 0.505, which shows that the filler type has no significant influence on total vertical deformation of the structure layer when loading is subjected to 0.7MPa.
Resilient Modulus
Resilient modulus is an important index to reflect the bearing capacity of structure layer. It can be directly used to explain the effect of different fillers on the reinforced structure layer. Fig. 2 shows the resilient modulus of structure layers with three kinds of fillers. It showed that resilient modulus of three kind fillers was different. 0-5mm gravel structure layer obtained the smallest value than the other two structure layers. The modulus was significantly improved after reinforced with geocell, and the maximum improvement was approximately 60%. The reinforcement is more obvious for the smaller size filler. ANOVA was applied with the structural layer type (non geocell, 150-400, 200-800) and filler type (0-5 mm, 10-20 mm and 20-30 mm) as the two factors. Moreover, in order to compare the difference between 10-20 mm and 20-30 mm gravel structure layer, another ANOVA was processed on 10-20 mm and 20-30 mm gravel. At the significance of 0.05, P-value of ANOVA is shown in Table 1 . It was obvious that filler and structure layer had significant influence on the resilient modulus with two-factor and three-level. However, structure layer and filler had no significant influence on resilient modulus when 0-5mm filler was taken into account for the ANOVA. It showed that 0-5 mm filler was significant different from 10-20 mm and 20-30 mm fillers in the structure layer, but 10-20 mm and 20-30 mm fillers has the similar reinforcement for structural layer. The results are consistent with the analysis of total vertical deformation of the structure layer. The bearing capacity difference of the structure layer between 10-20 mm and 20-30 mm gravel is not significant. Table 1 . P-value of AVOVA under different structure layer and filler kinds. 
Transverse Deformation of Compartment Wall
Transverse deformation of the geocell wall characterizes the load-diffusion effect of the geocell in the structural layer. The larger transverse deformation of the geocell wall indicates that the restriction and load-diffusion effect of geocell is more obviously. On the contrary, the ability to anti-deform of structure layer is weaker. Transverse deformation in 1# and 4# measuring points of the geocell wall was analyzed to illustrate the effects of three kinds of filler on transverse deformation. The relationship between transverse deformation and the loading is shown in Fig. 3 . It can be seen from Fig. 3 that transverse deformation at the measuring point 1# increased gradually with the loading increasing. However, transverse deformation at the measuring point 4# was almost at zero and the maximum was smaller than 0.2mm. It indicates that the load-diffusion of geocell reinforcement is subjected to the two adjacent geocells. Compared with the two size geocell, transverse deformation of the 150-400 structure layers was larger. It shows that the dimension of the geocell size has an effect on the load-diffusion of the structure layer. When the loading range was 0.4MPa to 1.0MPa, transverse deformation decreases at 1# measuring point as the order of 0-10 mm, 10-20mm, 20-30mm gravel structure layer. It indicates that reinforcement is stronger with smaller filler, under the same geocell structure layer. The bearing capacity is stronger with the larger filler and the structural layer has smaller transverse deformation.
Conclusion
(1)This study conducted the test on the structure layer reinforced with two kinds of geocell and three kinds of gravel. The results showed that total vertical deformation of structure layer was larger, resilient modulus was smaller, the reinforcement of geocell was stronger when the filler size was smaller. Total vertical deformation and resilient modulus of 10-20mm structure layer is close to 20-30mm under the loading with the same size geocell.
(2)ANOVA results showed that the filler type have no significant influence on total vertical deformation. 0-5mm filler had significant influence on resilient modulus; but 10-20mm and 20-30mm filler had. 0-5mm gravel is not suitable for the reinforcement of the gravel structure layer.
(3)Transverse deformation of geocell wall at the measuring point 1# decreases with the filler size increasing. Transverse deformation of the geocell wall at the measuring point 4# is almost zero. It means that the load-diffusion function of the geocell is confined to the adjacent geocell.
